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Abstract

Catla catla and Cirrhinus mrigala were collected from three districts in Malwa region of  Punjab i.e. Muktsar,
Bathinda and Ludhiana. Fulton’s condition factor (K), protein content, qualitative analysis of  proteins and
genotoxicity was determined in fishes. Fulton’s condition factor was higher in both fishes of  Muktsar followed
by Bathinda and Ludhiana. The lowest protein content was recorded in all tissues (liver, kidney, gills and
muscles) of  both fish species of Mukstar followed by Bathinda and Ludhiana with liver of both species and gills
of  C. catla showing non-significant variation whereas kidney as well as muscles of  both species and gills of  C.
mrigala showing significant variation across three locations (p<0.05). SDS-PAGE analysis of  liver revealed
appearance of  distinct protein bands such as 32 KDa, 38 KDa in C. catla and C. mrigala of  both Mukstar and
Bathinda as well as 120 KDa, 150 KDa and 200 KDa in C. mrigala of  Bathinda only. Genotoxicity studies using
the comet assay showed significant differences in tail lengths of  liver cells, with Muktsar exhibiting the longest
comet tails for both species. These findings suggest that C. catla and C. mrigala present in aquatic ecosystems of
Muktsar were having elevated biomarker levels associated with environmental impact followed by Bathinda
and Ludhiana which might be due to variations in pollutant load and other environmental stressors influencing
aquatic ecosystem health.
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Introduction

Aquatic ecosystems are vulnerable to pollutants
from domestic, urban and agricultural sources,
including heavy metals and pesticides (Bashir et
al.,  2020). These contaminants accumulate in
aquatic animals and disrupt life cycles, posing
long-term risks to aquatic organisms and
ecosystems (Malik et al.,  2020). Exposure of
aquatic animals to environmental contaminants
such as pesticides, heavy metals etc. causes DNA
damage in them (Kumar et al.,  2010). Heavy
metals are persistent substances capable of
bioaccumulating in organisms inhabiting aquatic
and terrestrial ecosystems. These include elements
such as Arsenic (As), Cadmium (Cd), Lead(Pb),
Chromium (Cr), Cobalt (Co), Nickel (Ni),
Mercury (Hg) etc. and previous literature reported
that groundwater in Mukstar and Bathinda
districts in the Malwa region of  Punjab has been
contaminated with various heavy metals (Singh
et al.,  2021, Bangotra et al.,  2023). It poses serious

health risks and causes increased incidence of
cancer cases due to industrial waste, pesticides,
heavy metals, radioactive substances such as
uranium (Singh, 2024).

Fisheries and aquaculture are particularly
vulnerable because contaminants like heavy
metals, agrochemicals and industrial pollutants
accumulate in water and sediments, adversely
affecting aquatic organisms. Heavy metals and
xenobiotics can induce oxidative stress, metabolic
disturbances, impaired growth, reproductive
toxicity and genotoxic effects in fish, making them
valuable bioindicators for monitoring environ-
mental quality. Biomarkers are sensitive tools for
detecting early biological responses to
environmental stress before severe ecological
damage occurs. In biomonitoring studies, Fulton’s
condition factor (K) is widely used as a
morphometric biomarker which act as an
indicator of  fish health and physiological status
and variations in K may reflect the effects of

Journal of  Soil Salinity and Water Quality 18(1), 62-69, 2026
DOI: https://doi.org/10.56093/jsswq.v18i1.172477



Fish biomarker-based monitoring of aquatic ecosystems 63

pollution and other environmental stressors on fish
populations. Besides this, proteins play essential
roles in metabolic regulation, enzyme synthesis
and physiological functioning; therefore,
alterations in protein content may indicate
contaminant-induced stress. Similarly, DNA
damage, including strand breaks and adduct
formation, reflects genotoxic effects of  pollutants.
The liver is particularly vulnerable because of  its
detoxification role (Mir et al.,  2014, Ardeshir et
al.,  2017). The techniques such as comet assay
and sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) are widely used
biomarkers for evaluating DNA damage and
protein profile alterations in fish toxicological
studies (Muhammad et al.,  2018).

Indian Major Carps such as Catla catla and
Cirrhinus mrigala are economically important
freshwater fish species and useful bioindicators of
aquatic pollution. Previous studies have reported
DNA damage and genotoxic responses in these
species following heavy metal exposure (Kousar
and Javed 2015, Mallesh et al.,  2015, Latif  et al.,
2022). Punjab is an important aquaculture-
producing state where carp culture contributes
substantially to freshwater fish production. Carp
culture involving C. catla, C. mrigala and Labeo
rohita contribute 70 to 75% of  the total freshwater
fish production in Punjab (Bairwa et al.,  2023).
The Malwa region districts, including Ludhiana,
Bathinda and Muktsar are characterized by
intensive agricultural activities and anthropogenic
pressure which increase the possibility of aquatic
contamination in these regions (Singh 2024).

Therefore, it was hypothesized that fish
inhabiting aquatic ecosystems of  selected Malwa
districts may exhibit biomarker responses
indicative of  environmental stress. The present
study was designed to evaluate protein content,
DNA damage and SDS-PAGE protein profiling
as multibiomarker approaches in C. catla and C.
mrigala for monitoring aquatic ecosystem health.

Materials and Methods

Sampling locations

C. catla and C. mrigala were collected from three
locations during February to March 2021 i.e. Fish

pond of  Organic Farming, PAU, Ludhiana; Fish
market of  Shri Muktsar Sahib (Morh road railway
crossing) and Fish market of Bathinda (Market
near railway station). Six individual fish (n = 6)
of each fish species from each sampling location
were collected and analyzed.

Morphometeric parameters of fishes

The morphometric parameters of  fishes i.e. total
length and body weight were observed and
Fulton’s condition factor (K) was calculated as
follows:

Body weight (g) × 100
K = –––––––––––––––––––

Length (cm)^3

Autopsy of  fish and preparation of  tissue
homogenates

Live fish were transported to the laboratory and
anesthetized using clove oil until deep anesthesia
was achieved, as indicated by loss of  equilibrium
and cessation of  opercular movement. The fish
were then euthanized and immediately dissected.
Liver, kidney, gill, and muscle tissues were excised
aseptically and processed for subsequent analyses.

Preparation of tissue homogenates

0.5g of each tissue (liver, kidney, gills, and muscles)
was homogenised in 3 ml of  phosphate buffer
(PBS: 0.1 M, pH 7.4), and centrifuged at 3000
rpm for 10 minutes. After centrifugation, the
supernatant was collected for protein estimation,
SDS-page and genotoxicity studies.

Determination of protein content in tissues

The total soluble protein content in homogenates
of  various tissues was calculated using the method
of  Lowry et al.  (1951). The amount of  protein in
different tissues was expressed as mg/g wet weight
of  tissue.

SDS-PAGE of liver tissue

The qualitative analysis of  proteins was done by
SDS-PAGE which was performed according to
the method of Laemmli (1970) using 4% stacking
gel and 12% resolving gel prepared in an
electrophoresis apparatus. Protein samples (20 μg
from pooled samples of  liver tissue homogenates)
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were mixed with sample buffer and heated in a
boiling water bath for 5–10 min to ensure complete
denaturation. The prepared samples, along with
a molecular weight marker were loaded into the
wells of  the gel and electrophoresis was carried
out until adequate separation of protein bands was
achieved. Following electrophoresis, the gel was
stained with 0.5% Coomassie Brilliant Blue R-250
solution for 20–30 min and subsequently destained
using a solution containing 20% methanol, 10%
glacial acetic acid and 70% distilled water. The
destaining solution was replaced several times
until distinct protein bands appeared against a
clear background. The molecular weight of
protein bands was recorded in kilodaltons (KDa)
after comparing with marker (10- 200 kilodalton
bands) using software ImageJ (with Gel Analyzer
plugin).

Genotoxicity studies in liver tissue

The genotoxic studies was conducted using Comet
assay using 20 μl of  liver tissue homogenate of
fish by the method as described by Singh et al.
(1988). Approximately 100 cells were taken for
the analysis check the comet score under
fluorescent microscope. The images of  comets
observed were taken under a fluorescent
microscope at ×200 and tail length of comets (in
μm) was recorded using Open Comet-ImageJ
plugin software.

Statistical Analysis

The data was presented as Mean± Standard Error.
Statistical package for Social sciences (SPSS)
version 16.0 software was used to determine
statistical differences using one-way analysis of
variance (ANOVA) and Duncan’s Post-hoc test.

Results and Discussion

Morphometric parameters

The Fulton’s condition factor (K) was observed
to be non-significantly maximum for C.catla of
Muktsar (2.72±0.24) followed by Bathinda
(2.69±0.23) and Ludhiana (2.66±0.23) (Fig. 1).
Similarly, non-significantly highest Fulton index
was recorded in C. mrigala of  Muktsar (2.62±0.22)
followed by Bathinda (2.60±0.22) and Ludhiana

(2.58±0.20). Fulton’s condition factor have been
used to evaluate the stress of  caused by
environmental contaminants such as heavy metal
bioaccumulation in fish (Ju et al.,  2017) and the
fishes from polluted water showed lower Fulton’s
condition factor as compared to non-polluted
water (Kerambrun et al.,  2013). Fulton condition
factor more than one at all three locations
indicated good health condition of fishes and less
variations in environmental conditions of  the
aquatic ecosystems at the three locations may be
responsible for non-significant variation in Fulton
condition factor among the locations.

Protein content

The protein content in liver of  C. catla among three
locations varied non-significantly from each other
and it was found to be lowest in Muktsar
(35.59±2.49 mg g-1 wet wt) followed by Bathinda
(36.26±1.20 mg g-1 wet wt) and Ludhiana
(36.33±1.19 mg g-1 wet wt) (Fig. 2). The protein
content for species C. mrigala among three
locations also varied non-significantly with each
other with lowest total protein content was
recorded in Bathinda (38.40±1.51 mg g-1 wet)
followed by Muktsar (38.40±0.40 mg g-1 wet wt)
and Ludhiana(38.62±1.53 mg g-1 wet wt).

The significantly low total protein content was
observed in the kidney of  C. catla of  Muktsar
(13.42±0.45 mg g-1 wet wt) and Bathinda
(14.69±0.95 mg g-1 wet wt) as compared to
Ludhiana(25.51±3.21 mg g-1 wet wt).The lowest

Fig. 1 Fulton’s condition factor of  Catla catla and Cirrhinus
mrigala at three locations. Values are expressed as Mean ± SE.
Values with similar superscript (a and A) above bars are non-
significantly different (p<0.05)
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Fig. 2 Protein content (mg/g wet weight) in different tissues of  Catla catla and Cirrhinus mrigala at three locations. Values are
expressed as Mean ± SE. Values with different superscript (a-b and A-C) above bars are significantly different (p<0.05)

protein content in kidney of  C. mrigala of  Muktsar
(13.53±0.58 mg/g wet wt) varied non-significantly
with Bathinda (15.13±0.69 mg/g wet wt) and
significantly with Ludhiana (18.24±0.76 mg/g
wet wt).

The lowest protein content was observed in
gills of  C. catla of  Muktsar (35.42±1.79 mg/g wet
wt) followed by Bathinda (37.28±0.94 mg/g wet
wt) and Ludhiana (38.71±1.19 mg/g wet wt) and
the protein content varied non-significantly at
three locations. The total protein content in gills
of  C. mrigala was found to be significantly less in
Muktsar (34.78±0.76 mg/g wet wt) and Bathinda
(36.26±0.67 mg/g wet wt) as compared to
Ludhiana (39.06±0.70 mg/g wet wt).

The significantly less total protein content in
the muscles of  C. catla was found in Muktsar
(27.49±2.64 mg/g wet wt) and Bathinda
(29.38±1.47 mg/g wet wt) as compared to
Ludhiana (35.19±0.32 mg/g wet wt). Similarly,
lowest protein content in muscles of  C. mrigala
was found in Muktsar (27.98±1.25 mg/g wet wt)

followed by Bathinda (29.15±0.63 mg/g wet wt)
and Ludhiana (35.23±0.25 mg/g wet wt). The
protein content in muscles of  C. mrigala of
Muktsar varied significantly from Bathinda and
Ludhiana and there was non-significant variation
in protein content of  muscles of  C. mrigala from
Ludhiana and Bathinda.

The findings of  the present study showed
decrease in total protein content in various tissues
of both fishes of Muktsar and Bathinda as
compared to Ludhiana and this might be due to
damage at cellular or molecular level as well as
negatively affecting the process of  protein
synthesis caused by contaminants such as
pesticides, heavy metals etc. The groundwater of
Muktsar was found to be contaminated with heavy
metals (Hg, As, Pb) and pesticide residues
(Glyphosate) (Bangotra et al.,  2023). Similarly,
the heavy metals such as (As, Cr, Pb) and the
pesticides like chlorpyrifos have been found in the
groundwater of  Bathinda (Singh et al.,  2021). The
energy requirement of  the carps in the Muktsar
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and Bathinda districts might been increased as the
result of defense mechanism against contaminants
so there could be possible breakdown of  proteins
in order to maintain normal energy levels in the
fish. The reduced protein content was observed
in different organs such as brain, muscle, gills, liver,
kidney and heart caused due to environmental
pollutant such as carbosulfan (pesticide) in Clarias
batrachus (Thoker, 2015). The toxicity caused by
heavy metals such as Cd resulted in decrease in
protein fractions in different tissues in C.batrachus
(Khan et al.,  2001). The protein content in muscles
of catfish decreased due to pollutants such as
heavy metals (Habib, 2013).

SDS-PAGE

SDS-PAGE of  liver tissue homogenates of  C. catla
and C. mrigala of  three different locations i.e.
Muktsar, Ludhiana, Bathinda showed appearance
of some distinct protein bands at different
locations which may serve as a biomarker for
monitoring of  environmental stress. The liver of
C. catla of  Muktsar showed protein bands with
molecular weight of  10 KDa, 15 KDa, 24 KDa,
30 KDa, 32 KDa, 38 KDa, 50 KDa and 70 KDa
(Fig. 3). The liver of  C. catla of  Bathinda showed
presence of 10 KDa, 15 KDa, 24 KDa, 50 KDa,
70 KDa protein bands. The liver of  C. catla of
Ludhiana showed proteins of  bands 10 KDa, 15

KDa, 24 KDa, 30 KDa, 50 KDa, 70 KDa
molecular weight. The C. mrigala of  Muktsar
showed the presence of  10 KDa, 15 KDa, 24 KDa,
30 KDa, 32 KDa, 38 KDa, 50 KDa, 70 KDa, 120
KDa and 150 KDa protein bands. The liver of
C.mrigala of  Bathinda showed occurrence of  15
KDa, 20 KDa, 30 KDa, 38 KDa, 50 KDa, 70
KDa, 120 KDa, 150 KDa, 200 KDa protein .The
liver of  C.mrigala of  Ludhiana showed the
presence of 10 KDa, 15 KDa, 24 KDa, 50 KDa,
70 KDa protein bands.

C. catla of  Muktsar showed bands of  32 KDa
and 38 KDa molecular weight and C.mrigala of
both Muktsar and Bathinda showed bands of  30
KDa, 32 KDa, 38 KDa, 120 KDa, 150 KDa and
200 KDa molecular weight which were not present
in Ludhiana indicating that these proteins may
serve as indicators for environmental monitoring
of  aquatic ecosystems in these areas. Mathew et
al.,  (2023) reported that SDS-PAGE analysis of
different tissues of  Cyprinus carpio showed
expression of additional protein bands in response
to exposure to heavy metals such as lead and
mercury. Raj and Joseph (2017) reported increased
stress protein bands in the brain,gills and liver of
Oreochromis mossambicus serving as biochemical
indicators of pesticide (acetamiprid) pollution.
Sharma and Jain (2008) found appearance of
additional bands of 30.2 KDa, 64.6 KDa and 77.6

Fig. 3 SDS-PAGE of  liver tissue homegenate of  carps, CM, CL and CB represent Catla catla and MM, ML and MB represent
Cirrhinus mrigala of  Muktsar, Ludhiana and Bathinda, respectively
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KDa in the liver tissue of  fish, L. rohita after long
term exposure to different pesticides such as
endosulphan, malathion and chlorpyrifos.
However, consistent appearance of  certain protein
bands across locations, such as 10 KDa, 15 KDa,
and 70 KDa, in both C. catla and C. mrigala may
represent constitutive proteins, common to both
species and reflecting basic metabolic functions.

Genotoxicity studies

The genotoxicity studies indicated that a
significant difference was observed in tail length

of  comets of  C. catla among three locations with
maximum value recorded for Muktsar
(47.25±1.48 μm) followed by Bathinda (31.37±
2.07 μm) and Ludhiana (17.99±1.28 μm) (Fig.4 ,
Fig. 5 (i-iii)). Similarly, significant difference in
comet tail length of  C.mrigala was found among
three locations with highest comet length in liver
cells of  C.mrigala observed in Muktsar (48.80±2.02
μm) followed by Bathinda (35.42±1.55 μm)and
Ludhiana (16.93±1.62 μm) (Fig. 6(i-iii)).

The genotoxicity studies in C.calta and C.
mrigala indicate notable location-based variations

Fig. 4 Comet tail length (μm) in liver cells of  Catla catla and Cirrhinus mrigala at three locations

Fig. 5 Comet images of  liver cells of  Catla catla of  three locations: i) Muktsar, ii) Bathinda and iii) Ludhiana

Fig. 6 Comet images of  liver cells of  Cirrhinus mrigala of  three locations: i) Muktsar, ii) Bathinda and iii) Ludhiana
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in comet tail lengths of  liver cells, suggesting
differential levels of  DNA damage among the
studied sites. These findings highlight the potential
impact of  environmental or ecological factors at
each location that may contribute to the observed
genotoxic effects. The comet assay showed that
prolonged exposure to water pollutants resulted in
excessive breakage in DNA strand (Ternjej et al.,
2010). The heavy metals such as Cr caused
genotoxicity as well as endocrine disruption in
freshwater fishes (Velma et al.,  2009). The presence
of  some metals in the water could be one of  the
mechanisms that caused genetic harm in the fish.
Teles et al.,  (2005) found genotoxic effects in
European eel (Anguilla anguilla) after being
exposed to Cr for a short period of  time. The
genotoxic effects of  heavy metals such as Cu, Zn,
Fe, Pb and Cd was observed in grass carp,
Ctenopharyngodon idella in river Ili of  Kazakhstan
(Tlenshieva et al.,  2022). The exposure of  fish to
samples from agricultural areas induced
significantly higher number of  genotoxic effects
in fish such as Cichlasoma paranaense (Francisco et
al.,  2023). Similarly, Dutta et al.  (2024) observed
more genotoxic impact on the resident fish, Pethia
conchonius present in the contaminated sites due
to prevalence of  the insecticides such as
imidacloprid, chlorpyrifos, bifenethrin,
cypermethrin, difenthiuron and acetamiprid.The
herbicide Roundup caused showed genotoxic
effects in blood, gill, and liver cells of  Piaractus
mesopotamicus as revealed by comet assay analysis.

Conclusion

The present study demonstrated significant
variations in biomarker responses such as
alterations in protein content, DNA damage, SDS-
PAGE protein profiles among fish collected from
different locations of  the Malwa region of  Punjab
which suggest varying levels of  environmental
stress among the studied locations and highlight
the usefulness of  a multi-biomarker approach for
assessing fish health and monitoring the effects
of  environmental pollutants in aquatic
ecosystems.

Acknowledgement

The authors thank Head, Department of  Zoology,
Punjab Agricultural University, Ludhiana for

providing facilities for the research work. The
instruments of  DST-FIST laboratory used for
research work are also acknowledged.

References

Ardeshir R A, Zolgharnein H, Movahedinia A, Salamat N
and Zabihi E (2017) CYP1A gene expression as a basic
factor for fipronil toxicity in Caspian kutum fish.
Toxicology Reports 5: 113–24.

Bairwa M K, Swain S K, Pillai B R, Prakash B, Ail S K and
Ferosekhan S (2023) Present status and future prospects
of  aquaculture in Punjab, India: A step towards blue.
Journal of  the Inland Fisheries Society of  India 55(1): 43-
54.

Bangotra P, Jakhu R, Prasad M, Aswal R S, Ashish A,
Mushtaq Z and Mehra R (2023) Investigation of  heavy
metal contamination and associated health risks in
groundwater sources of  southwestern Punjab, India.
Environmental Monitoring and Assessment 195(3): 367.

Bashir I, Lone F A, Bhat R A, Mir S A, Dar Z A and Dar S
A (2020) Concerns and threats of  contamination on
aquatic ecosystems. Bioremediation and Biotechnology
PMCID: PMC7121614

de Mendonça Francisco C, Pavanin L A, Morelli S, Bravo J
V M and Pereira B B (2023) Using native fish in eco-
genotoxic assessment of  heavy metal contamination
pollution arising from nearby large Brazilian
rivers. Journal of  Toxicology and Environmental Health
86(2-3): 74-85.

Dutta D, Bhattacharya E, Ray A, Ghosh B, Aathira U,
Mandal A, Choudhury P P and Bahadur M (2024)
Genotoxic impact of  agricultural insecticides as
contaminants of  river Teesta on the resident fish Pethia
Conchonius. Scientific Reports 14(1): 28283

Habib S A, AbouShehatta S A (2013) Effect of  heavy metals
pollution on protein biosynthesis in catfish. Journal of
Water Resource and Protection 5(5): 555-62

Hussain B, Sultana T, Sultana S, Al-Ghanim K A, Masood
S, Ali M and Mahboob S (2017) Microelectrophoretic
study of  environmentally induced DNA damage in fish
and its use for early toxicity screening of  freshwater
bodies. Environmental Monitoring and Assessment 189(3):
1-11.

Ju YR, Chen CW, Chen CF, Chuang XY and Dong C D
(2017) Assessment of  heavy metals in aquaculture fishes
collected from southwest coast of  Taiwan and human
consumption risk. International Biodeterioration and
Biodegradation 124: 314–25.

Kerambrun E, Henry F, Cornille V, Courcot L and Amara R
(2013) A combined measurement of metal bio-
accumulation and condition indices in juvenile
European flounder, Platichthys flesus, from European
estuaries. Chemosphere 91(4): 498-505.



Fish biomarker-based monitoring of aquatic ecosystems 69

Kousar S and M Javed (2015) Diagnosis of  metals induced
DNA damage in fish using comet assay. Pakistan
Veterinary Journal 35(2): 168-172.

Kumar R, Nagpure N S, Kushwaha B, Srivastava S K and
Lakra W S (2010) Investigation of  the genotoxicity of
malathion to freshwater teleost fish Channa punctatus
(Bloch) using the micronucleus test and comet assay.
Archives of  Environmental Contamination and Toxicology 58:
123-30

Latif  F, Iqbal R, Ambreen F, Kousar S, Ahmed T and Aziz S
(2022) Studies on bioaccumulation patterns, biochemical
and genotoxic effects of  copper on freshwater fish, Catla
catla: an in vivo analysis. Brazilian Journal of  Biology 84:
e256905.

Malik D S, Sharma A K, Sharma A K, Thakur R and Sharma
M (2020) A review on impact of  water pollution on
freshwater fish species and their aquatic environment.
In: Advances in Environmental Pollution Management:
Wastewater Impacts and Treatment Technologies 1: 10-28

Mallesh B, Pandey P K, Kumar K, Vennila A, Shukla S P,
Raman R P and Kumar S (2015) Bioconcentration of
hexavalent chromium in different organs and induction
of  micronuclei in peripheral blood cells of  Cirrhinus
mrigala (Ham, 1822). Indian Journal of  Animal Sciences
85(5): 92-100.

Manam V K and Quraishi M A (2024) Comprehensive review
on Indian major carps: An integrated approach to pond
cultivation, nutrition, and health management for
sustainable aquaculture. International Journal of  Fisheries
and Aquatic Studies 12(1): 01-12.

Mathew S, Sankarganesh P and Joseph B (2023) Investigation
of  protein patterns by using SDS-PAGE in kidney, liver,
and brain of  Cyprinus carpio. Journal of  Advanced Zoology
44(S3): 1284-89.

Mir M I, Khan S, Bhat S A, Reshi A A, Shah F A, Balki M
H, Manzoor R (2014) Scenario of  genotoxicity in fishes
and its impact on fish industry. IOSR Journal of
Environmental Science, Toxicology and Food Technology 8(6):
65-76.

Muhammad O I, Mahmoud U M, Fazio F and Sayed A E D
H (2018) SDS-PAGE technique as biomarker for fish
toxicological studies. Toxicology Reports 5: 905-09.

Raj J and Joseph B (2017) Impact of  acetamiprid toxicity on
electrophoretic patterns in liver, brain and gill tissues of
the fish Oreochromis mossambicus. International Journal of
Zoological Research 13: 120-24.

Sharma M and Jain K L (2008) Protein profile of  liver tissue
in the fish Labeo rohita (Ham.) through the chronic
exposure to some pesticides and their subsequent
withdrawal. Journal of  Aquaculture 16: 13-18.

Singh K, Pandey G, Singh R (2021) Carcinogenic trace metals
in ground water of  Bathinda district, Punjab, India.
International Journal of  Engineering, Science and Technology
13(1): 105-11.

Singh U (2024) Anthropogenic pollution of groundwater and
its trends in Malwa region of  Punjab: a correlational
study with cancer incidence. International Research Journal
of  Multidisciplinary Scope 5(4): 475-485.

Teles M, Pacheco M and Santos M A (2005) Physiological
and genetic responses of  European Eel (Anguilla anguilla
L.) to short-term chromium or copper exposure-
influence of  pre-exposure to a PAH-Like compound.
Environmental Toxicology 20(1): 92-99.

Ternjej I, Mihaljevic Z, Stankovic I, Kerovec M, Sipos L,
Zeljezic D and Kopjar N (2010) Estimation of  DNA
integrity in blood cells of  eastern mosquito fish
(Gambusia holbrooki) inhabiting an aluminium-polluted
water environment: an alkaline comet assay study.
Archives of  Environmental Contamination and Toxicology 59:
182-93.

Thoker M A (2015) Comparative study of  biochemical
alterations induced by carbofuran and malathion on
Channa punctatus (Bloch.). International Research Journal
of Biological Sciences 4(9): 61-65.

Tlenshieva A M, Witeska M and Shalakhmetova T M (2022)
Genotoxic and histopathological effects of  the Ili River
(Kazakhstan) water pollution on the grass carp
Ctenopharyngodon idella. Environmental Pollutants and
Bioavailability 34(1): 297-307.

Velma V, Vutukuru SS, Tchounwou PB (2009) Ecotoxicology
of  hexavalent chromium in freshwater fish: a critical
review. Reviews on Environmental Health 24(2): 129-45.

Received: October 09, 2025; Accepted: June 05, 2026


